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f o r  the 

WIND-!ITJ"EL TESTS OF A 1/6-SCALE MODEL OF REPUBLIC 

XF-12 VERTICAL TAIL WITH STUB FUSELAGE AND 

STUB HORIZONTAL TAIL 

By Robert MacLachlan 

A 1/6-scale model o f  the Republic XF-12 v e r t i c a l  
t a i l  wi th  s t u b  f i s e l a g e  and s tub  ho r i zon ta l  t a i l  was 
t e s t e d  i n  the Langley s t a b i l i t y  tunnel t o  det;ermine the  
aerodynamic c h a r a c t e r i s t i c s  o f  the model, The i n v e s t i -  
ga t ion  included a study o f  the e f f e c t s  of boundary- 
layer thickness,  rudder area,  and cover-plate alinement 
on the aerodynamic c h a r a c t e r i s t i c s .  Tuft  s tud ie s  were 
made i n  the v i c i n i t y  of the junction o f  the v e r t i c a l  and 
s t u b  ho r i zon ta l  t a i l s .  

The r e s u l t s  of  the inves t iga t ion  ind ica ted  t h a t  the 
f l o w  i n  the v i c i n i t y  of the junct ion o f  the v e r t i c a l  and 
s tub  hor izonta l  ta i ls  was only s l i g h t l y  improved by the 
addi t ion  of a f i l l e t .  An increase i n  boundary-layer 
t h i c h e s s  produced a s l i g h t  decrease i n  rudder e f f ec -  
t iveness .  The increase i n  l i f t  of the combined rudders 
over t h a t  of  the upper rudder alone was n o t  proport ional  
a t  low de f l ec t ions  and was approximately propor t iona l  a t  
high de f l ec t ions  t o  the increase i n  rudder a rea .  When 
the balance-chamber cover p l a t e s  were bowed out ,  the 
change i n  rudder hinge moment with rudder angle was l e s s  
negat ive.  The va r i a t ion  of the l i f t  c o e f f i c i e n t  w i t h  
angle of a t t a c k  and the  var ia t ion ,  a t  small  values o f  
angle of a t tack ,  of rudder hinge-noment c o e f f i c i e n t  w i t h  
angle of a t t a c k  w a s  approximately the same f o r  a l l  model 
configurat ions t e s t ed .  The upper rudder used i n  conjunc- 
t i o n  with a tab was found t o  s a t i s f y  the Army spec i f i ca -  
t i ons  regarding asymmetric power on a multiengine a i r -  
plane * 
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l if t  of  model, pounds 

hinge moment o f  cont ro l ;  pos i t i ve  when 
tending t o  r o t a t e  the t r a i l i n g  edge t o  
the left, foot-pounds 

p i tch ing  moment of model about an  axis 
p a r a l l e l  t o  and 9.125 inches ahead of 
rudder hinge l i n e ,  foot-pounds 

drag of  model, pounds 

area of v e r t i c a l - t a i l  model (above fuse l age ) ,  
square f ee t  

l o c a l  chord o f  v e r t i c a l - t a i l  model, f e e t  

mean geometric chord of v e r t i c a l - t a i l  
model, f e e t  

roo t  mean square chord, f e e t  

span, f e e t  

r o o t  m e a n  square thickness  of rudder a t  
rudder hinge ax i s ,  feet 

free-stream dynamic pressure,  pounds per  
square foot 

angle of a t t ack  o r  v e r t i c a l  t a i l  (angle  
o f  yaw f o r  a i r p l a n e ) ;  pos i t i ve  when 
t r a i l i n g  edge i s  de f l ec t ed  t o  the l e f t ,  
degrees 8 
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of t he  Langley s t a b i l i t y  tunnel  are  shown i n  f igu re  4. 
The model which cons i s t s  o f  the  v e r t i c a l  t a i l ,  a s tub  
fuselage,  and a stuh hor izonta l  t a i l  was supplied by 
the Republic Aviation Corporation. Figure 2 i s  a sketch 
which gives  the p r inc ipa l  model dimensions. The tab  gap 
( s e e  f i g .  3 )  was unsealed for a l l  the t e s t s .  

The geometric c h a r a c t e r i s t i c s  of the model are  
given i n  t ab le  I. Table II presents  the ord ina tes  of  
the v e r t i c a l - t a i l  a i r f o i l  contow.  The a i r f o i l  s ec t ion  
contour w a s  constant over t he  span of the  v e r t i c a l  t a i l .  
Table I11 gives the plan-form ord ina tes  o f  the v e r t i c a l -  
t a i l  model. These ord ina tes  d i f f e r  from those of  the 
Republic XF-12 a i r p l m e ,  because the do r sa l  f i n  on the  
a i rp lane  was omitted from the  v e r t i c a l - t a i l  model. 

The rudder of the model consis ted of  two sec t ions :  
one above the ho r i zon ta l  t a i l  m d  one below. For  con- 

.venience,  these t w o  sec t ions  of the  rudder have been 
termed, respec t ive ly ,  the  "upper rudder" and ''lower 
rudder"; when the two are  used together  they a re  r e fe r r ed  
t o  as the "combined ruddeps!' The l a v e r  rudder could be 
.disconnected from t h e  upper rudder and locked i n t o  p lace  
on the  f i n ,  tnus reducing the rudder area.  

De ta i l s  o f  the internal-balance cover p l a t e s  end 
the  Fnternal  balance are  shown i n  f i g u r e s  2 and 3 ,  
respec t ive ly .  The i n t e r n a l  b d a n c e  o f  t he  upper rudder 
was contained i n  three spanwise cha3bers separated from 
one another a t  the hinges.  The i n t e r n a l  balance o f  the  
lower rudder was contained i n  one chamber. The nose and 
ends of t h e  balance i n  each chamber were sea led  t o  the 
f r o n t  of  the  balance chamber and s ides  o f  the hinges,  
respec t ive ly ,  with a continuous s t r i p  of koroseal coated 
voi le .  During some preliminary t e s t s  on the model, i t  
was noted t h a t  the cover p l a t e s  were bowed out between 
the hinges o f  severa l  o f  t he  balance chambers; thus,  
the  vent gaps were somewhat l a r g e r  than those corre-  
sponding t o  the normal model condi t ion ( t h e  condi t ion 
i n  which the  cover p l a t e s  conformed t o  the t r u e  a i r f o i l  
contour of the t a i l  sur face . )  The cover p l a t e s  were 
subsequently adjusted t o  the normal condition. In  the 
process of obtaining the adjustment, da t a  were obtained 
f o r  the model having three d i f f e r e n t  amounts of cover- 
p l a t e  misalinement as  well  as fop tke  normal condi t ion,  
The four alinements of' the  cover p l a t e s  have Seen 
designated by fou r  te,ms: normal, bowed-in s l i g h t l y ,  
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A l l  t e s t s  were made a t  a dynamic pressure of 
64.3 pounds per  square f o o t .  
under standard sea- level  atmospheric condi t ions was 
159 miles  per hour and the Reynolds number based on the 
mean geometric chord of the model w a s  about 3,300,000. 

The corresponding a i r speed  

Measurements of  the l i f t ,  drag, and p i tch ing  moment 
of the model were obtained from the tunnel  balances.  
Rudder hinge moments were measured by means of a spr ing-  
torque balance l inked t o  the rudder; t ab  hinge moments 
were measured by means .of a s t r a i n  gage mounted i n  the 
upper rudder. Readings of the  pressure d i f f e rences  
across  the balance i n  each o f  the three  upper rudder 
internal-balance chambers were taken when the upper rEdder 
alone w a s  u t i l i z e d .  When the  combined rudders were used, 
only the reading of the pressure d i f f e rence  across  the 
balance i n  the lower rudder internal-balance chamber was 
taken. 

The leakage f a c t o r  E was measured f o r  each o f  the 
fou r  internal-balance chambers i n  the same marsner as i s  
descr ibed i n  reference 1. 

Jet-boundary correct ions t o  the l i f t ,  rudder hinge 
moment, p i tch ing  moment, drag, pressure d i f f e rence  ac rc s s  
the balance, and angle-of-attack readings were determined 
by the genera l  methods described i n  reference 2. These 
cor rec t ions  applied (by add i t ion )  t o  the tunnel  d a t a  a r e  
as follows: 

Uppe r rudder Combined rudders 

-0.0102cL 

. 0062cL 

-. 0028cL 

-. O O ~ O C ,  

. 0 2 9 5 C ~ ~  

- oogrc, 
- Oogls, 
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Tuft Study 

The r e s u l t s  of  the t u f t  stxdg of flow i n  the v i c i n i t y  
o f  the junct ion o f  the v e r t i c a l  and s tub ho r i zon ta l  t a i l s  
are  given i n  f i g u r e  6 .  The photographs show the  f low 
c h a r a c t e r i s t i c s  a t  the junc t ion  with and without f i l l e t s  
i n s t a l l e d  f o r  s eve ra l  angles of a t t a c k  and without f i l l e t s  
i n s t a l l e d  f o r  t w o  rudder d e f l e c t i o n s .  Tar t s  were 
at tached only t o  t h e  v e r t i c a l  t a i l  sur face .  The t u f t s  
which, i n  the photographs, appear t o  be at tached t o  the 
h o r i z o n t a l  t a i l  surface a r e  r e f l e c t i o n s  f r o m  the  h ighly  
polished h o r i z o n t a l  t a i l  sur face  o f  the t u f t s  on the 
v e r t i c a l  t a i l  sur face .  A comparison o f  the r e s u l t s  
i nd ica t e  t h a t  the flow over the  sec t ion  o f  the rudder 
near  the junct ion was only s l i g h t l y  improved by the 
add i t ion  of a f f l l e t .  It is  possible  that a l a r g e r  
f i l l e t  would f u r t h e r  improve the flow c h a r a c t e r i s t i c s .  

Rudder Charac t e r i s t i c s  

Tests  were made t o  determine the aerodynamic char- 
a c t e r i s t i c s  o f  the v e r t i c a l  t a i l  w i t h  roughness s t r i p s  
a t  0.20 chord u t i l i z i n g  the  upper rudder alone ( f i g .  7 )  
and the combined rudders ( f i g .  8 ) .  The data presented 
i n  f igu re  7 were obtained w i t h  the cover-plate alinement 

obtained wi th  bowed-out cover-plate alinement. To 
i nves t iga t e  the asymmetry i n  the Chr aga ins t  6 r  
curves, the rudder hinge-moment r e s u l t s  f o r  the upper 
rudder a t  zero angle of attach- were corrected f o r  the 
o f f s e t  l oca t ion  o f  the rudder internal-balance p l a t e s .  
(See f i g .  9 . )  The cor rec t ions  were obtained by using 
ma te r i a l  contained in ~II unpublished t h e o r e t i c a l  
i nves t iga t ion  of the hinge moments o f  sealed i n t e r n a l -  
balance arrangements f o r  con t ro l  sur faces .  The r e s u l t s  
shown i n  f igu re  9 ind ica t e  that  the major cause of the 
asymmetry i n  the Chr aga ins t  curves was the o f f -  
cen ter  l oca t ion  o f  the  rudder-balame p l a t e s .  (See 
f i g .  3 . )  

i n  the normal candi t ion  while those o f  f igure  8 were 

Rudder area.-  k comparison o f  the r e s u l t s  obtained 
f o r  the two d i f f e r e n t  rudder areas when the  cover-plate 
alinement was i n  the normal condi t ion and w i t h  roughness 
s t r ip s  a t  0.20 chord i s  given i n  f igure  10. The change 
i n  rudder area had l i t t l e  e f f e c t  on and, a t  s m a l l  C L ~  
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f r o m  the change i n  the (AP)6r  values w i t h  the  change 
i n  cover-plate alinement ( f i g .  1 2 ( b )  ) .  The magnitude 

emphasizes the necess i ty  of  o f  the decrease i n  

ca re fu l  cover-plate alinement on bo th  model and a i rp l ane  
i f  aerodynamic c h a r a c t e r i s t i c s  a re  t o  be pred ic ted .  A 
more complete discussion o f  th i s  e f f e c t  can be found i n  
reference 3 .  

chr6r 

Tab Charac te r i s t i c s  

Tab t e s t s  were made of the model u t i l i z i n g  the  
upper rudder and w i t h  roughness s t r i p s  located a t  0 . 2 0 ~ .  
The data obtained from these t e s t s  a re  presented i n  
f igu re  13. 

Figure 14 shows the e f f e c t s  of rudder area,  boundary- 
l a y e r  thickness,  an6 cover-plate alinement on the tab 
c h a r a c t e r i s t i c s .  The resilllts are  presented 8 s  incremer,ts 
of CL, kr, and Cht; these increments ivere computed 
by sub t r ac t ing  the  values of  the c o e f f i c i e n t s  obtained 
wi th  zero tab  angle f r o m  the corresponding values 
obtained wi th  tab angles of *lo0. 

Examination of  f igure 14 revea ls  that  increase i n  
rudder a rea  had p r a c t i c a l l y  no e f f e c t  on tab charac- 
t e r i s t i c s  but i n  the majori ty  of cases i n s t a l l a t i o n  
of roughness s t r i p s  produced decreased values of the 
rudder hinge-moment and tab hinge-moment increments. 

Some Estimated C h a r a c t e r i s t i c s  of the 

XF-12 Airplane 

Under the d i r ec t ion  of Langley f l i g h t  d i v i s i o n  
personnel, an a n a l y s i s  of the d i r e c t i o n a l  s t a b i l i t y  
c h a r a c t e r i s t i c s  of the Republic XF-12 a i rp lane  w a s  made 
a t  Langleyby Republic Aviation Corporation personnel. 
The estimated va r i a t ion  of yawing-moment c o e f f i c i e n t  
w i t h  angle of  yaw without do r sa l  f i n  w a s  corrected f o r  
the values of C L ~  obtained f rom the wind-tunnel t e s t s  
o f  the v e r t i c a l - t a i l  model; the r e s u l t i n g  values 
including the e f f e c t  of do r sa l  f i n  are  presented i n  
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CONCLUSIONS 

The r e s u l t s  o f  the  tes ts  on a 1/6-scale model of 
the XF-12 v e r t i c a l  t a i l  ind ica ted  the following con- 
c lus  ions : 

1. The f l o w  i n  the v i c i n i t y  of the junct ion of the 
v e r t i c a l  and stub hor i zon ta l  t a i l s  was only s l i g h t l y  
improved by the addi t ion of a f i l l e t .  

2. The increase i n  l i f t  o f  the combined rudders 
over the upper rudder alone w a s  n o t  proport ional  a t  low 
def l ec t ions  and was approximately proport ional  a t  high 
de f l ec t ions  t o  the increase i n  rudder area.  

3 .  Increase in boundary-layer thickness produced 
a s l i g h t  decrease i n  rudder e f f ec t iveness  andwhen the 
t a b  was de f l ec t ed ,  in  tab hinge moment. 

4. Cover-plate misalinement changed the value o f  
the rudder hinge-moment v a r i a t i o n  w i t h  rudder def lec-  
t i o n  ch . With the  cover p l a t e s  i n  the bowed-out 

r6r 
condition, the value of mr6, was much less  negative 

than with the cover p l a t e s  i n  the normal condition. 

5.  The va r i a t ion  of the l i f t  c o e f f i c i e n t  w i t h  angle 
of a t t a c k  and the var ia t ion  a t  small angles  of a t t a c k  
of rudder hinge-moment c o e f f i c i e n t  with angle of a t t a c k  
w a s  approximately the  same f o r  a l l  the model configura- 
t i o n s  t e s t ed .  

6 .  The upper rudder used i n  conjunction w i t h  the 
tab was found t o  s a t i s f y  the Army s p e c i f i c a t i o n s  
regarding asymmetric power on a multiengine a i rp l ane  . 
Langley Memori a1 Aeronautical  Laboratory 

National Advisory Committee for Aeronautics 
Langley F i e l d ,  Va.  

Robert MacLachlan 
Physic i s  t 

Approved : 

Chief of S t a b i l i t y  Research Divis ion 
ES 
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TABLE I 

GEOi'ETRIC CHARACTE3ISTICS OF XF-12 'JEISTICAL-TAIL MODEL 

Vertical. t a i l  : 
Area above fuselage,  S,  sq f t  . . . . . . . 5.985 
Span, b, f t  . . . . . . . . . . . . . . . . 3.607 
Aspect r a t i o  . . . . . . . . . . . . . . . . . 2.17 
Mean geometric chord, c I ,  f t  . . . . . . . 2.215 
Taper r a t i o  . . . . . . . . . . . . . . . . . 0.557 
T a i l  volume coe f f i c i en t  ( t a i l  l ang th  

times t a i l  a r ea  d iv ided  by wing span 
times wing area) . . . . . , . . . . . . 0.0534 

Trail ing-edge -+@e, deg . . . . . . . . . . . 15 

Upper rudde r : 
Area a f t  hinge l i n e ,  sq f t  . . . . . . . . 1.533 
Span, bry f t  .-.*... . . . . . . . . . . 2.50 

Overhang f a c t o r  (excluding s e a l )  : 
Complete internal-balance chamber, F . . . 0.0835 
Root chamber, F3 . . . . . . . . . . . 0.0461 
'Center chamber, F2 . . . . . . . . . . . O.O3,!&- 
Tip charnber, F1 . . . . . . . . . . . . 0.0030 

7 o o t  me= square chord, cr ,  II, L' L . , . = e + . 0.628 

Combined rudders:  
Area a f t  hinge l i n e ,  sq f t  . . . . . 
Root mean square chord, cy, f t  . e . 
Overhang f a c t o r  (excluding seal): 

Complete internal-balance dzmber ,  
 owe r chambe r, . . e  ^ O  . 0 .  

Center chamber, F2 , . . . . 
T i p  chamber, Q . . . . . . . . 

Span, b t y  f t  . . . . . . . . . . . 
Root mean square chord, c t ,  f t  . . 

Span, br ,  f t  9 . . - . . . . . . 

lRoo t chambe r , +. . . * * . . 

Tab : 
- 

. . . .  . . . .  . . .  e 

F . .  . . . . .  . . . .  . . . .  . . . .  
. . . .  
a . . .  

a 

. i.910 
3.014 . 0.649 
0.0810 
0.0162 
0.0358 
0.0267 
0.0023 

7 1.332 . 0.151 
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TABLE II 

ORDINATES OF THE XF-12 VERTICAL-TAIL AIRFOIL SECTION 
T 

!S ta t ions  and ord ina tes  a re  i n  percent o f  a i r f o i l  chord1 

0 
- 5  
75 

1.25 
2.50 
5.0 
7.5 
10 
15 
25 
20 

Ordinate 

0 

;ti .2?0 
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TABLE r r r  
PLAIT FORM OF THZ XF-12 VERTICAL-TAIL KIODEL 

h t a t i o n s  and ordina tes  a re  in  i n c h e d  
I 

Sta t ion  f r o r  
fuselage 

center l i n e  

-4.500 
-4.167 
-3 . 667 
-2.833 
-2 00 
-1.167 

0 
1.833 
2 . 1-67 
4 617 
5.500 

9 167 
10.333 
12.500 
16.667 
20.833 

29.167 

i : E2 

2 j .000 

Ordinates 

Forward o f  rudder 
hinge axis 

17.317 
14.540 
13.091 
11 .L& 

3.629 
1.667 
3.062 

- 
Rearward of rudder 

hinge axis 

0 
1.212 

9 -155 
9.133 
9 078 

.pi 

.082 
-1 A67 

NATIOXAL ADVISORY 
CO~InlIITT~E mi? AEI?ONBUTICS 
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FIGURE LEGENDS 

. -  I .  

Figure 1 .- Three-view drawing o f  Republic XF-12 a i rp l ane .  

Figure 2.- Deta i l s  of the 1/6-scale model of the XF-12 
v e r t i c a l  t a i l  surface.  

Figure 3 . -  Typical sec t ion  o f  XF-12 v e r t i c a l  t a i l  model. 

Figure 4.- The 1/6-scale model o f  the XF-12 v e r t i c a l  t a i l  
mounted in  the 6 by 6 - f o o t  t e s t  s ec t ion  of the 
Langley s t a b i l i t y  tunnel. 

approximately 0 . 2 0 ~  . 
Figure 4.- Concluc?ed. . 

( a )  F!ront view showing roughness s t r i p s  loca ted  a t  

( b )  Rear view shewing roughness s t r i p s  loca ted  a t  
approximately 0 . 2 0 ~ .  

Figure 5.- Vent gaps a t  the centers  of the balance chambers 

Figure 6.- Tuft t e s t s  of the XF-12 v e r t i c a l  t a i l  model 

f o r  the various cover-plate alinements.  

w i t h  and without p l a s t e l ine  f i l l e t s ,  6 t  = Oo. 

( a )  a = oO, 6, = 0 0 .  

Figure 6. - Continued. 

( b )  a = 0' 6, = -10'. 

Figure 6.- Continued. 

( c )  a = o O ,  6, = 10'. 

Figure 6.- Continued, 
0 

( d )  a = 5 , 6, = 0'; 

Figure 6.- Continued. 

( e )  a = IO', 6, = oo. 
'1 - 
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FIGU3E LEGENDS - Continued 

Figure 8.- Aerodynamic c h a r a c t e r i s t i c s  of  the XF-12 
v e r t i c a l  t a i l  model w i t h  roughness strips a t  0 . 2 0 ~ .  
Combined upper and lower rudders u t i l i z e d ,  cover 
p l a t e s  i n  bowed-out posi t ion;  6 t  = Oo. 

( a )  L i f t  coef f ic ien t .  

Figure 8.- Continued. 

( b )  Rudder hinge-moment c o e f f i c i e n t .  

Figure 8.- Continued. 

( c )  Pressure c c e f f i c i e n t  across balance. 

Figure 8.- Continued. 

( d )  Pitching-moment coe f f i c i en t .  

Figure 8.- Concluded. 

( e )  Drag coef f ic ien t .  

Figure 9.- Ef fec t  o f  o f f s e t  l oca t ion  of i n t e r n a l  
balance p l a t e s  on rudder hinge-moment c o e f f i c i e n t s  
o f  XF-12 v e r t i c a l  t a i l  model w i t h  roughness s t r i p s  
a t  0 . 2 0 ~ .  Upper rudder alone u t i l i z e d  cover p l a t e s  
i n  noma1 pos i t ion ;  a = oO, 

Figure 10.- Aerodynamic c h a r a c t e r i s t i c s  of the XF-12 
v e r t i c a l  t a i l  model fo r  t w o  mdder  a reas .  Roughness 
s t r i p s  a t  0 . 2 0 ~ ;  cover p l a t e s  i n  normal pos i t ion ;  

6t = 0". 

6 t  = 00. 

( a )  6,, deg = 0, 

Figure 10.- Concluded. 

(b) a, deg (upper rudder) = 0 + l . 4 5 C ~ ;  
a, deg (combined rudders )  = 0 + 1.1OCL 

Figure 11.- Aerodynamic c h a r a c t e r i s t i c s  of the XF-12 
v e r t i c a l  t a i l  model f o r  roughness strips on and o f f .  
Upper rudder alone u t i l i zed ;  cover p l a t e s  i n  normal 
pos i t i on ;  6t = 00. 

( a )  6,, deg = 0.- 
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Figure 14.- E f f e c t s  of various model configurat ions on 
t a b  c h a r a c t e r i s t i c s  of XF-12 v e r t i c a l  t a i l  model. 

( a )  6p, deg = 0. 

Figure 14.- Concluded. 

(b) a, deg = 0. 

Figure 15.- Estimated d i r e c t i o n a l  s t a b i l i t y  charac te r i s t ics  
of XF-12 a i rp l ane .  6, = Oo, 6 t  = Oo,  windmilling 
p rope l l e r s .  

Figure 16.- Estimated rudder de f l ec t ions  required t o  
balance an asymmetric power condition a t  various 

u t i l i z e d .  
. angles of yaw of XF-12 a i rp l ane .  Unper rudder alone 
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.a a 
a a- 
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a a. 
0 a. .a 

. 

Design groan weight 
Weight empty 
Center-of-gravity locations. 
percent of mean aerodynamic 

27.5 
Most forward 22.0 
Most rearward 35-0 

164.0 sq it 
10.2 

Taper ratio 0 -43 
Mean aerodynamic chord 13.43 rt 
chord, percent w 5 g  cherc! 25.0 

W i n g  flap. (double slotted) 

Spnn, percent wing span 

Angular deflection 

Area above fuselage 

Angular deflections, rudder 20° left 

Angular deflections. tab 300 left 

(excluding MCellO CutOUta) 

Vertical Tail 

(excluding dorsal) 215 sq ft 

200 right 

30° right 

52.7 ft 

w - 
Figure 1 .- Three-view drawing of Republic XF-12 airplane. 
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(a) CL = o', E ,  = O o .  

F i g u r e  6 . -  T u f t  t e s t s  o f  t h e  X F - 1 2  v e r t i c a l  t a i l  m o d e l  
w i t h  a n d  w i t h o u t  p l a s t e l i n e  f i l l e t s ,  E t  = C ' .  

1ATIO1AL ADIIIORT C O l l X f T C C  ?OR ACROlADTICI 
LA1GL.T lClORIAL AEPORAUIICAL LABOMTORI - LA1GLCT ?IILD. V I .  
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F i g u r e  6.-  C o n t i n u e d .  

NATIONAL A D V I S O R Y  C O Y Y l T T l L  FOR A D R O l A U Y I C S  
LANOLEY MEMORIAL ALROUAUTICAL L A S O U T O R T  - L A I O L B Y  I I B L D .  V I .  
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F i g u r e  6 . -  C o n t i n u e d .  



( e )  a = l o o ,  s r  = O O .  C- 

F i g u r e  6 . -  Continued. 

I A t I O I A L  ADTISORT COIIITTIK ?Om AI1oIAUTICS 
LAIaLIT I I I I O R I A L  A l ~ I A U f l C A L  U O I A T O R T  - L A I O L K I  ? I l L D .  VA. 
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(f) a = -50, 6 ,  = 00. - 
- 

F i g u r e  6 . -  C o n t i n u e d .  
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-L ( g )  a = -100, 6 ,  = oo.  

F i g u r e  6 . -  C o n t i n u e d .  

IATIOIIAL A D P I I I O R I  COIUITTCI ?OR A B R O I A I I T I C S  
LAIIOLIT I C U O R I A L  AXROUAUTICAL LABOPATOR1 - LAUCLXT I I B L D .  V I .  
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( h )  u = C o ,  6 ,  = O o ,  f i l l e t s  i n s t a l l e d .  

F i  g u r e  6 .  - C o n t i n u e d .  

RAYIOUAL ADIIIORT C O I I I Y T L S  ma ALBOIIAVTIC8 
LIORIAL ALPORAUTICAL LABORATORY - L A l O L L Y  ?IXLD, VA. 
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(3)  a = s o ,  6 ,  = O@, f i l l e t s  i n s t a l l e d .  

F i g u r e  6 . -  C o n t i n u e d .  r n . 7 -  - - --- . ~ 

- I  *..- 
EATIOlAL ADVIIIOIT COYIIITXX ?OR AXROIAUTICI 

LAIOLXT IXIORIAL AXIOIAUTICAL uBorurony - LAaaLxi PI 
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CgJ a = l o o ,  6 ,  = O o ,  f i l l e t s  i n s t a l l e d .  

F i g u r e  6 . -  C o n c l u d e d . '  

I A T I O I A L  A D V I S O R Y  C O Y I I T T X B  FOR A B R O I A U T Z C S  
L A I O L I I  Y L I O R I A L  ABPOIIAUTICAL LASOSUTORI - L A I C L X Y  F I B L D .  V A .  
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